The aim of this work was to study the use of advanced oxidation technologies for micropollutant (atrazine, ATZ) removal in secondary effluents (SE). Experiments were carried out, for comparison purposes, in deionized water and in municipal SE. ATZ concentration, chemical oxygen demand (COD) and total organic carbon (TOC) were recorded along the reaction time and used to evaluate the system efficiency. Results demonstrate that the presence of effluent organic matter (EfOM) can reduce the effectiveness of the methods to remove ATZ due to the competition of EfOM components to react with OH radicals and/or molecular ozone. ATZ was more easily removed by hydroxyl radicals, however the presence of EfOM promoted higher inhibition of its removal by hydroxyl radicals than by ozone. The addition of Fe as catalyst in the UV/H 2 O 2 system also increased the ATZ removal rate in SE. In addition, direct ATZ photolysis promoted by UV alone must be considered in the assessment of its degradation by UV-based methods.
Alaton et al. ). Besides, the use of Fe as catalyst is very common for this type of process to increase the quantity of formed OH radicals. On the other hand, ozonation can specifically react with micropollutants in water (Andreozzi The aim of this study was to study the use of AOP for the removal of micropollutants in SE, specifically ATZ. For this purpose, SE samples of urban wastewater were spiked with ATZ and treated by different AOPs. Total organic carbon (TOC), chemical oxygen demand (COD) and ATZ concentration were monitored along the reaction time. The influence of effluent organic matter (EfOM) on ATZ degradation rate was assessed by a comparison with blank experiments using deionized water (DW).
MATERIALS AND METHODS
The pure ATZ was supplied by Panreac (Barcelona, Spain were also carried out.
RESULTS AND DISCUSSION

Effluent characterization
Experiments were performed in DW and SE artificially contaminated with ATZ. However, before the artificial contamination, the SE was previously filtered with a 10 μm filter in order to eliminate suspended matter that could disturb analytical measurements. This first step of filtration affected only suspended solids (TSS and VSS), turbidity and COD, which were reduced by 50, 20 and 10% respectively. Thus the filtered effluent was characterized and its physicochemical characteristics are presented in Table 1 . Due to its low concentration when spiked in SE, ATZ presence did not affect organic matter measurements such as COD and TOC. Figure 1 shows the degradation profile of 0.1 mg L -1 of ATZ promoted by some advanced oxidation processes. UV radiation alone was also effective in promoting the direct photolysis of ATZ, however EfOM interferences, mainly related to the SE turbidity (13.6 NTU) and color, increased the needed radiation in SE by about 65% compared to DW (Figure 2) , proving that these parameters should also be considered on the removal of microcontaminants by photo-assisted oxidation methods due to the difficulty of irradiating H 2 O 2 molecules.
UV-based AOPs and Fenton
Concerning the mineralization of ATZ byproducts induced by UV/H 2 O 2 in DW, 2 hours of treatment (24.6 kJ L -1 ) was not able to produce any appreciable change on TOC (Figure 3 ). However, a mineralization of EfOM higher than 20% was achieved after 80 min of treatment (16 kJ L -1 ). Thus, it can be stated that the hydroxyl radicals and other related radicals produced during the UV/H 2 O 2 treatment would only promote the first step of oxidation of the ATZ; afterwards, the radicals are mainly consumed by some compounds from the EfOM. The sole UV irradiation was not able to promote mineralization, neither in SE nor in DW samples.
Ozonation
To compare the ATZ removal by OH radicals and ozonation, SE samples spiked with 20 mg L -1 of ATZ were also treated by ozonation. In Figure 4(a) , the ozonation of ATZ in DW solution promoted a fast ATZ removal after the first minutes of reaction, achieving complete ATZ removal after 45 min (0.9 g L -1 of ozone dosage). In contrast, the ozonation of SE samples needed 1.8 g L -1 of ozone to promote its total removal (Figure 4(a) ). Although ozone is a very selective oxi- instead, the mineralization of the spiked effluent achieved about 10% after 2 hours of ozonation (Figure 4(b) ). The mineralization of some EfOM components confirms the competition of some natural organic compounds to react with ozone and the hydroxyl radicals generated by ozone decomposition, thus decreasing the available dissolved ozone to react with specific micropollutants.
It is important to point out that at neutral and basic pH, the contribution of hydroxyl radical on the ATZ oxidation is considerable. Figure 5 shows that the oxidation rate doubled when pH rises from 3 to 7. Although at pH 11 the experimental points did not allow the exact observation of the oxidation rate, ATZ was removed approximately 10 times faster than at neutral pH. SE pH was 7.9 and, therefore, the indirect ozone attack via hydroxyl radicals would have an important contribution on the ATZ oxidation.
Oxidation of the organic matter
The oxidation of the organic matter in SE by ozonation and UV/H 2 O 2 is presented in Figure 6 . COD removal profile in both treatments showed similar behavior, achieving about 20% of oxidation in the first minutes of reaction and remain- 
CONCLUSIONS
• The preliminary assessment of the ATZ treatment in SE proved the efficiency of ozone and advanced oxidation technologies to remove specific microcontaminants.
• The presence of EfOM can reduce the effectiveness of the methods to remove ATZ due to the competition of EfOM and inorganic components to react with radicals and/or molecular ozone.
• ATZ was easily removed by UV/H 2 O 2 , however the presence of EfOM promoted higher inhibition of ATZ removal by hydroxyl radicals (UV/H 2 O 2 ) than by ozone. Figure 5 | Effect of pH on the ozonation of ATZ in DW. pH : ◊ ¼ 3; □ ¼ 7; ○ ¼ free; Δ ¼ 11.
Solutions buffered with phosphate salts (0.1 mol L -1 ). • Since the ATZ is significantly removed by UV direct photolysis, its contribution must be considered in the assessment of its degradation by UV/H 2 O 2 .
• In the point of ATZ removal, ozonation promoted about 20% of EfOM oxidation in front of 5% obtained by UV/H 2 O 2 .
• EfOM presence promoted high increment of oxidant consumption in ozonation, instead, in UV/H 2 O 2 , its influence was not considerable.
